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This special issue of Systematic Biology contains review
articles, contributed by keynote speakers after the
ﬁfth edition of the “Mathematical and Computational
Evolutionary Biology” conference (MCEB; see web
sites below) conference, held in 2013. We started in
2003 (under a slightly different name: “Mathematics of
Evolution and Phylogeny”) at the Mathematics Research
Center Henri Poincaré, Paris, with well-known speakers
like Walter Fitch and Joe Felsenstein. We had the feeling
that the considerable efforts of the keynote speakers to
synthesize and present their research in an extensive but
understanding manner would deserve to be known by
a large audience. Two books containing review articles
corresponding to keynote presentations were published,
following the 2003 and 2005 conference edition (Gascuel
2005; Gascuel and Steel 2007).
We then moved in 2008 to Montpellier, south of
France, into a lovely, remote place, the “Hameau
de l’Etoile”, which conference attendees will surely
remember. In 2012, we decided to start running
the conference annually. Indeed, the mathematical
and computational tools and concepts now form
an essential basis for modern evolutionary studies.
The rise of sound statistical and combinatorial
approaches in evolutionary and genome biology
has offered considerable improvements beyond the
original ad hoc methods, providing new methods and
algorithms to handle ever-growing data sets. However,
such advances require an increasingly sophisticated
mathematical treatment of the problems at hand, as
well as faster algorithms and computers in order
to answer important biological questions. The aim
of MCEB is to contribute to the development of
such methodological works, by bringing together
researchers from various disciplines: mathematics,
computer science, phylogenetics, population genetics,
andgenomics. Every yearwehave 8–10 keynote speakers
who introduce a ﬁeld of research and discuss their
own work in this ﬁeld during a long talk (1h30). The
afternoons are for short presentations and posters, with
plenty of time for discussions. The number of attendees
is limited (∼60) in order to favor small group interaction.
Moreover, we have a different focus every year, with
emphasis on topical application domains. In 2013 the
focus was given to the applications of mathematical and
computational evolutionary biology to medicine, with
regard to human and cancer genomics, microbiomes,
genetic disease, and epidemics. General concepts,
models, methods, and algorithms were also presented
and discussed, just as during the previous conference
editions. Applications of evolutionary biology in
medicine and human health already have a long history
(e.g., Stearns and Koella 2008), but are becoming highly
topical with the advent of next generation sequencing
data. Evolutionary tools and concepts are essential to
decipher these data in a medical context, as illustrated
by Gil McVean during his MCEB 2013 talk “Dissecting
the genetic contribution to human disease” (Abecasis
et al. 2012). We also had several presentations on the
recent progress in molecular epidemiology highlighting
how phylodynamic tools can be used to understand
the spread of epidemics based on pathogen genetic
sequencing data (Drummond et al. 2005; Volz et al. 2009;
Rasmussen et al. 2011; Stadler et al. 2013). Such methods
are currently being extensively used to understand the
spread of Ebola in West Africa (Gire et al. 2014; Stadler
et al. 2014; Volz and Pond 2014).
This special issue contains three review articles: on
cancer, on the human microbiome, and on gene tree—
species tree inference. Systematic Biology, with its strong
history in attracting, handling and disseminating
mathematically inclined articles incorporating
phylogenetic methods, is the perfect choice for the
publication of such papers. The review “Cancer
evolution: mathematical models and computational
inference”, by Beerenwinkel, Schwarz, Gerstung, and
Markowetz, is grounded on the well-known fact that
cancer is an evolutionary process characterized by
the accumulation of mutations in the genomes of
affected cells. A large spectrum of recent approaches
are reviewed, to model the initiation and progression
of cancer using population dynamics concepts, to
reveal the evolutionary relationships between tumor
sub-clones using phylogenetic methods, and to describe
dependencies among mutations using probabilistic
graphical models. The review “Phylogenetics and the
human microbiome” by Matsen deals with the analysis
of the very large sequence data sets obtained from
metagenomic studies of our microbiome. It shows
that much of the analytical work for these sequences
involves phylogenetics, at least indirectly, and reviews
the ﬁeld, its methods, and the current challenges from
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a phylogenetic perspective. This special issue also
contains an article by Szöllo˝si, Tannier, Daubin, and
Boussau on “The inference of gene trees with species
trees”, a typical subject of Systematic Biology (and of
MCEB, outside of our annual focus). This article reviews
the various models used to describe the relationships
between gene trees and species trees. These models
account for gene duplication and loss, transfer, and
incomplete lineage sorting, and may consider several
types of events together. A number of approaches are
described to reconstruct gene trees when a species
tree is known, and vice-versa, and also to jointly infer
gene trees and species trees. Simulations and empirical
studies show that such sophisticated methods generally
improve gene tree reconstruction.
We hope that these review papers, containing
a number of references and providing detailed
descriptions of broad ﬁelds, will be useful to a large
number of Systematic Biology readers and beyond, and
that they will attract new, mathematically inclined
researchers in these exciting domains. We also hope that
this form of publication (review papers online), which is
new for Systematic Biology, will spread and be continued
in the coming years.
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